We investigated the factors predicting radiation-induced organizing pneumonia (RIOP) relapse after tangential breast irradiation. The participants included 23 patients diagnosed with RIOP at the St. Marianna University School of Medicine Hospital between January 2008 and March 2015. Relapse was defined as the appearance of new lesions on diagnostic images during follow-up or after commencing treatment. The relapse-free survival rate and the following 9 parameters were compared between patients with and without RIOP relapse: 1) age (less than vs. equal to or more than the median); 2) white blood cell count (less than vs. equal to or more than the median); 3) C-reactive protein (CRP) level at the time of RIOP diagnosis (less than normal, more than normal/ less than borderline, and more than borderline); 4) boost irradiation (yes vs. no); 5) maximum lung depth on linacgraphy (less than vs. equal to or more than the median); 6) hormone therapy (yes vs. no); 7) chemotherapy (yes vs. no); 8) RIOP ratio in the whole lung (less than vs. equal to or more than the median) at the time of RIOP diagnosis; and 9) use of corticosteroids (yes vs. no). The Kaplan-Meier method was used for statistical analysis, with relapse as the cutoff. The follow-up period spanned the date of RIOP onset to May 30, 2015. The level of significance for 2-sided tests was p < 0.05. Relapse was evident in 14 patients (60.8%). The relapse-free survival rate was significantly greater in the normal CRP group (less than 0.30 mg/dl) than in the abnormal CRP group (more than 0.36 mg/dl) (p = 0.044) and in the normal/borderline CRP group (less than 0.36 mg/dl) than in the high CRP group (more than 0.70 mg/dl) (p < 0.01). The CRP level at RIOP onset may be a useful predictor of relapse after breast-conserving therapy.
Introduction
Breast cancer is currently the most common type of cancer among Japanese women [1] [2] . Most patients with early breast cancer are treated by breast-conserving therapy involving partial mastectomy, followed by postoperative radiotherapy of the remaining breast tissue [3] . Tangential irradiation is a widely used technique in breast-conserving therapy. The main complication of tangential irradiation is fibrotic change in the irradiated lung field. However, in a few patients, pulmonary infiltrates have been reported to appear both inside and outside the irradiated lung field. This disorder is classified as radiation-induced organizing pneumonia (RIOP). In 1998, Crestani et al. [4] studied 15 patients with RIOP. The diagnosis of RIOP was based on the criteria proposed by Crestani et al., which included: a) a history of radiotherapy to the breast within the last 12 months; b) the presence of general and/or respiratory symptoms for ≥2 weeks; c) the detection of pulmonary infiltrates outside the radiation field; and d) no specific etiology [4] . The incidence of RIOP after tangential irradiation was reported to be approximately 1.5% -2.1%. Additionally, corticosteroids are used in the treatment of RIOP, but relapse is observed in some patients [5] . Otani et al. [6] investigated 26 cases of RIOP and found that although corticosteroids did improve symptoms, their use in itself was a risk factor for relapse. However, there are no established criteria for the use, initial dose, and dose reduction rate of corticosteroids. In practice, the RIOP treatment plan depends on the experience of the doctor. The purpose of this study was to investigate other factors predicting the relapse of RIOP.
Patients and Methods

Patient Selection
We reviewed the radiological information system and medical history charts. Subsequently, we selected patients who had developed RIOP at the St. Marianna University School of Medicine Hospital between January 2008 and March 2015 by using medical records and image interpretation terminals. The diagnosis of RIOP was based on the criteria proposed by Crestani et al. [4] . However, Ogo et al. reported that 10% -15% of patients with RIOP have no symptoms [5] . In addition, Otani et al. reported that asymptomatic patients who were suspected to have RIOP based on their clinical courses were included in their study [6] . Therefore, we also included 1 asymptomatic patient in the present study based on the clinical course.
Patients in whom the radiation field included the supraclavicular and parasternal areas were excluded from the sample, as this would result in an increase in the lung volume in the radiation field, and the possibility that this would affect pneumonia could not be eliminated. Although RIOP may be difficult to differentiate from other conditions such as bacterial pneumonia, all patients underwent chest computed tomography (CT) at onset, and the final diagnosis was based on the interpretation of the diagnostic imaging radiologist as well as other factors such as the response to antibiotic treatment and culture results.
This study was approved by the Clinical Research Institutional Review Board of the St. Marianna University School of Medicine Hospital (approval number 2973). The patients' characteristics are shown in Table 1 .
Patient Characteristics
In total, 23 patients were diagnosed with RIOP, all of whom were female non-smokers. The median patient age was 58 years (range, 44 -75 years), and the median duration from the end of radiotherapy to the diagnosis of RIOP was 4 months (range, 1 -10.5 months). No patient had a history of collagen disease, interstitial pneumonia, or other pulmonary disease.
Breast Cancer
Of the 23 patients, 16 had cancer in the right breast, 5 patients had cancer in the left breast, and 2 patients had bilateral breast cancer. Further, 4 of the lesions were ductal carcinomas in situ (DCISs), whereas the remaining 21 lesions were invasive ductal carcinomas (all cT1N0M0 Stage I). In one of the patients with bilateral breast cancer, both lesions were invasive ductal carcinomas, whereas in the other patient, the lesion in the right breast was an invasive ductal carcinoma and that in the left breast was a DCIS.
White Blood Cell
The white blood cell count was measured in 22 patients at the time of RIOP onset. The median value was 7000/μl (range, 4000 -14,900/μl). The normal range of the white blood cell count is 4300 -9000/μl. Only 2 patients had a higher than normal white blood cell count.
C-Reactive Protein (CRP) Level
The CRP level was measured in 22 patients at the time of RIOP onset. The median value was 2.2 mg/dl (range, 0.05 -15.48 mg/dl). The normal range of CRP is less than 0.30 mg/dl. The CRP level was below normal (0.05 -0.24 mg/dl) in 5 patients, borderline (0.36 mg/dl) in 1 patient, and above normal (0.7 -15.38 mg/dl) in 16 patients.
KL-6
The KL-6 level was measured in 17 patients at the time of RIOP onset. The median value was 264 IU/L (139 -596 IU/L). The normal range of KL-6 is less than 400 IU/L. Only 1 patient had a higher than normal KL-6 level.
Hormone Therapy
Of the 23 patients, 18 were receiving hormone therapy at the time of RIOP onset, which comprised letrozole, anastrozole, tamoxifen, and leuprorelin in 7, 4, 6, and 1 patient, respectively.
Chemo Therapy
Of the 23 patients, 4 were receiving chemotherapy at the time of RIOP onset, among whom, 3 received 4 courses of cyclophosphamide + epirubicin, followed by 4 courses of docetaxel + trastuzumab. The other patient completed 1 course of FEC100 (5-fluorouracil + epirubicin + cyclophosphamide, followed by 4 courses of docetaxel and trastuzumab).
Radiation Therapy
The 25 lesions in the 23 patients were treated via tangential radiation of the entire breast. Two patients received radiotherapy at other hospitals, and the remaining 21 received treatment at our hospital. In all cases, 6-MV X-rays were used, and the radiation field was modified using a multileaf collimator. The dose was 50 Gy/25 fractions for 9 patients, 60 Gy/30 fractions (whole breast 50 Gy/25 fractions, and tumor bed 10 Gy/5 fractions) for 10 patients, 42.56 Gy/16 fractions for 1 patient, and 53.2 Gy/20 fractions (whole breast 42.56 Gy/16 fractions, and tumor bed 10.64 Gy/4 fractions) for 1 patient. For both patients with bilateral breast cancer, the dose was 50 Gy/25 fractions for the right breast and 60 Gy/30 fractions for the left breast. We defined the additional irradiation provided for the tumor bed after whole breast irradiation as "boost therapy". In total, 13 patients received boost therapy for the tumor bed. In our hospital, the median value for the maximum lung depth on linacgraphy was 2 cm (range 1.5 -2.5 cm). For both patients with bilateral breast cancer, the maximum lung depth on linacgraphy was 2 cm in both the left and right radiation fields.
RIOP Ratio in the Whole Lung
We obtained a CT image at the time of RIOP onset using the Pinnacle 3 radiation treatment planning system (Hitachi Medical Corporation, Tokyo, Japan) and imputed the RIOP area as a target. We defined both airspace consolidation and ground glass opacity as RIOP areas. The contouring of RIOP was carried out by consulting two radiation oncologists (O.Y. had 11 years of experience, A.T. had 27 years of experience). We divided the RIOP volume (cm 3 ) by the whole lung volume (cm 3 ) and calculated the RIOP ratio in the whole lung. The median RIOP ratio in the whole lung was 7.4% (range, 0.7% -17.7%).
Corticosteroids
In total, 17 patients were taking corticosteroids. All of these patients were administered prednisolone with a median dose of 25 mg (range, 10 -60 mg). Further, 6 patients started treatment with methylprednisolone. Of these, 2, 1, 2, and 1 patient received a starting dose of 125, 250, 500, and 1000 mg, respectively. The median dose of prednisolone per unit body weight was 0.40 mg/kg (range, 0.21 -1.2 mg/kg). The prednisolone dose reduction rate was obtained by dividing the time of starting prednisolone administration by the number of days for which it was taken in the non-relapse group and by then dividing the dose of prednisolone from the first dose to onset by the number of days until relapse. However, 1 patient received corticosteroid therapy in another hospital, and the prednisolone dose reduction rate could not be calculated. The median prednisolone dose reduction rate was 0.25 mg/day (range, 0 -0.85 mg/day).
Statistical Analysis
All statistical analyses were performed using EZR (Saitama Medical Center, Jichi Medical University), which is a graphical user interface of the R software program (the R Foundation for Statistical Computing, version 2.13.0). More precisely, it is a modified version of the R commander (version 1.6-3) that includes statistical functions that are frequently used in biostatistics. Two-tailed significance was set at p = 0.05. The relapse-free survival rate was calculated using the life table method. Additionally, the Kaplan-Meier method and log-rank test were used to analyze single-variable data, with relapse as the cutoff. Relapse-free survival rates were calculated using the Kaplan-Meier method, starting from the day on which RIOP was first detected by CT. The final observation date was May 30, 2015. The follow-up period ranged from 2 to 69 months, with a mean of 12.2 months.
Results
In total, 21 patients received radiotherapy at our hospital, and 2 patients received radiotherapy at a different hospital. In our hospital, from January 2008 to March 2015, RIOP was evident in 21 of the 1807 tangentially irradiated patients (1.16%). The median interval between the final radiation dose and the RIOP diagnosis was approximately 4 months (range, 1 -10.5 months). Relapse was evident in 14 of the 23 patients (60.8%). All patients were alive as of May 30, 2015.
To determine the factors influencing relapse in patients with RIOP, we compared the relapse-free survival rate and the following 9 parameters between patients with and without RIOP relapse: 1) age (less than vs. equal to or more than the median); 2) white blood cell count (less than vs. equal to or more than the median) at the time of RIOP diagnosis; 3) CRP level at the time of RIOP diagnosis (less than the normal level vs. more than the normal level/less than borderline vs. more than borderline); 4) boost irradiation (yes vs. no); 5) maximum lung depth on linacgraphy (l less than vs. equal to or more than the median); 6) hormone therapy (yes vs. no); 7) chemotherapy (yes vs. no); 8) RIOP ratio in the whole lung (less than vs. equal to or more than the median) at the time of RIOP diagnosis; and 9) use of corticosteroids (yes vs. no). In the group with corticosteroid use, we compared the relapse-free survival rate and the following 2 parameters: methylprednisolone use (yes vs. no) and dose reduction rate (less than vs. equal to or more than the median).
The Kaplan-Meier method and log-rank test revealed that the relapse-free survival rate was significantly greater in the normal CRP group (less than 0.30 mg/dl) than in the abnormal CRP group (more than 0.36 mg/dl) (p = 0.044) (Figure 1) . Similarly, the relapse-free survival rate was significantly greater in the normal/borderline CRP group (less than 0.36 mg/dl) than in the high CRP group (more than 0.70 mg/dl) (p < 0.01) (Figure 2) . The cutoff value for the CRP level was 0.70 mg/dl, and the area under the curve was 0.709 (95% confidence interval = 0.467 -0.952) (Figure 3) . In the group with corticosteroid use, the Kaplan-Meier method and log-rank test revealed that the relapse-free survival rate was significantly greater in the group without methylprednisolone use than in the group with methylprednisolone use (p < 0.01) (Figure 4) . However, there was no significant difference in relapse-free survival rates according to other factors. The results of the Kaplan-Meier method and logrank tests are shown in Table 2 .
Discussion
In 1995, Bayle et al. were the first to describe organizing pneumonia related to breast-conserving therapy [7] . Subsequently, a nationwide questionnaire survey of major medical institutions was conducted in Japan in 1999, and it was found that the incidence of lesions in the lungs outside the radiation field was 1.5% -2.1% between 1983 and 2000 [5] . Later, Otani et al. reported an incidence of 1.1% [6] . Further, Katayama et al. reported that age (≥50 years) and concomitant hormone therapy were risk factors for RIOP [8] . Murofushi et al. reported that older age (≥52 years) and smoking were the significant factors associated with RIOP [9] . However, Crestani et al. reported that the influence of hormone therapy on the incidence of RIOP was not clear [4] . Thus, the risk factors for RIOP remain unclear. Some studies reported that RIOP has a good prognosis. For instance, Yamamoto et al. reported no severe cases or deaths among the 9 patients diagnosed with RIOP in their study [10] . Similarly, Ogo et al. reported no deaths among the 12 patients diagnosed with RIOP in their study [11] . In our study, the incidence of RIOP in our hospital was 1.2%, and there were no deaths. Indeed, this result is generally consistent with that of previous studies.
Several studies addressed the issue of relapse of RIOP. Arbetter et al. [12] reported that the relapse rate of RIOP was 50% (3 of 6 patients). In addition, relapse rates of RIOP of 50% (8 of [13], Kubo et al. [14] , and Otani et al. [6] , respectively. Further, Otani et al. reviewed 11 papers on RIOP and found that the overall relapse rate was 47.6% (29 of 61 patients) [6] . Similarly, Ozawa et al. reviewed some studies on RIOP and found that the overall relapse rate was 56% (9 of 21 patients) [15] . The RIOP relapse rate in our study was somewhat higher at 60.8% (14 of 23 patients). However, this finding may have been affected by factors such as different intervals between diagnostic imaging in different studies and the fact that the follow-up period was not consistent. Corticosteroids are frequently used in the treatment of RIOP. However, in some reports, corticosteroid use in itself has been reported as a risk factor for relapse. For instance, Otani et al. found that over a 6-month follow-up period, 5 of 7 patients treated with corticosteroids experienced relapse of RIOP, compared to 3 of 19 patients who did not receive corticosteroids. Thus, they confirmed that although corticosteroids did improve symptoms, their use was a risk factor for relapse [6] . Other reported relapse rates for patients treated with corticosteroids are 100% (4 of 4 patients) [16] , 40% (2 of 5 patients) [13] , and 80% (12 of 15 patients) [4] . In contrast, Ogo et al. reported that 18.5% of patients with RIOP recovered during follow-up without the use of corticosteroids [11] . Indeed, these studies suggest that corticosteroid use may be a risk factor for relapse. However, there are no established criteria for the use of corticosteroids, their dosage, or dose reduction rate at present. Therefore, patient selection bias cannot be excluded in these studies. Therefore, the present study attempted to identify other factors that can predict the relapse of RIOP.
RIOP is classified as a type of interstitial pneumonia. Okada et al. found that of 37 patients with organizing pneumonia, KL-6 levels were normal in 20 patients and high in 17 patients. Relapse after the start of prednisolone administration was evident in 2 of 16 patients with normal KL-6 levels and in 6 of 16 patients with elevated KL-6 levels. Although this difference was not statistically significant, it is evident that relapse tended to be more common among patients with elevated KL-6 levels [17] . In our study, however, only 1 patient exhibited an abnormal KL-6 level. The KL-6 level was also within normal limits for all 5 patients in Miwa et al.'s study [13] and all 16 patients in Katayama et al.'s study [8] . Similarly, Yamamoto et al. also reported that all 10 patients had KL-6 levels within normal limits [10] . It is evident that although RIOP is classified as a type of interstitial pneumonia, KL-6 does not increase the possibility of the occurrence of RIOP after breast-conserving therapy, indicating that it cannot be used as a clinical indicator. Although no studies have addressed the association between RIOP after breast-conserving therapy and CRP levels, Otani et al. reported that the CRP level, measured in 19 of 26 patients, was elevated in 15 (78.9%) patients [6] . We therefore investigated the role of the CRP level based on the hypothesis that it might reflect disease activity. In the present study, the relapse-free survival rate was significantly greater in the normal CRP group (less than 0.30 mg/dl) than in the abnormal CRP group (more than 0.36 mg/dl). The same was observed for the normal and borderline CRP groups (less than 0.36 mg/dl) compared with the high CRP group (more than 0.70 mg/dl). However, the reason for the high frequency of relapse among patients with abnormal/high CRP levels is unclear. Interestingly, in a recent report on cryptogenic organizing pneumonia (COP) relapse, Nishino et al. reported that in 26 patients with organizing pneumonia, multifocal fibrin deposits were significantly associated with COP relapse [18] . Moreover Nagata et al. reported that in 41 patients with organizing pneumonia, intra-alveolar fibrin deposition (IAFD) was significantly associated with high CRP values, and high CRP values and/or IAFD predicted the relapse of organizing pneumonia within 6 months to 1 year [19] . We believe that the abnormal CRP level observed in 1 patient in our study was associated with IAFD and RIOP relapse. Nagata et al. reported that their study included 7 patients with collagen vascular disease and 5 patients with chronic obstructive pulmonary disease. Moreover, 26 of their patients were male, and 15 were female. Further, their patients' backgrounds were heterogeneous. Conversely, in our study, the patients' backgrounds were homogeneous. Additionally, all of our patients were female, and none had collagen vascular disease or other pulmonary diseases. However, CRP levels at the time of RIOP onset were associated with RIOP relapse. We believe that the CRP level at the time of RIOP onset may be a useful factor for predicting RIOP relapse following breast-conserving therapy.
There was no statistical difference with respect to factors such as the use of corticosteroids, the reason for which is unclear. We believe that the findings may have been affected by 2 factors: patient selection bias and the corticosteroid dose. The probability that patients with severe RIOP were treated with corticosteroids and patients with mild RIOP were not treated with corticosteroids could not be discounted. Further, the probability that the corticosteroid dose may have affected the risk of RIOP relapse could not be eliminated. Bradley et al. recommended an initial dose of corticosteroids for COP of 0.75 -1 mg/kg/day oral prednisolone (or equivalent), whereas fulminant disease may require high-dose intravenous methylprednisolone (1.0 g/day for 3 days) [20] . Otani et al. reported that all treated patients were administered 60 mg of prednisolone as an initial dose [6] . However, in our study, the median dose of prednisolone per unit body weight was 0.40 mg/kg. Additionally, the relapse-free survival rate was significantly greater in the group without methylprednisolone use group than in the group with methylprednisolone use. Therefore, the probability that high-dose corticosteroids affect the risk of RIOP relapse could not be dismissed.
Our study had a number of limitations. It was a single-center study conducted on a small number of patients. At present, no study has included more patients than that by Ogo et al. (33 patients) [11] , followed by those by Otani et al. (26 patients) [6] , Katayama et al. (16 patients) [8] , and Crestani et al. (15 patients) [4] . Evidently, the present study and previous studies involved only a small number of patients. Moreover, the relationship between CRP levels and RIOP relapse was not explained sufficiently. RIOP after tangential irradiation is an uncommon condition, and a prospective clinical study is therefore problematic. The fact that this was a retrospective study also meant that there was wide variation in variables such as the time of onset, blood sample findings, imaging findings, and follow-up periods. Future large-scale, multicenter studies are therefore recommended.
Conclusion
Our results suggest that the CRP level at the time of RIOP onset is a useful factor for predicting the relapse of RIOP following breast-conserving therapy.
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